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Abstract 
Sulphuric acid is a highly corrosive liquid for metal alloys as well as for other materials. There are only a few metal alloys, which 
are recommended in the range of 0 – 99 % H2SO4. Beside these corrosion problems there are additionally corrosion issues found 
in pumps caused by the high rotational speed and the turbulences depending on the point of operation. Deviations in process may 
lead to unexpected corrosion phenomena, too. 
An overview over materials as for example Duplex, higher austenitics as e.g. Alloy 20, ferritic alloys and high silicon alloys as SX 
and Siguss (ASTM A518) will be given. All these materials are classified for the optimal application in sulphuric acid service. 
Advantages and disadvantages of these materials in sulphuric acid are discussed. For example, the material Siguss shows the most 
universal corrosion resistance in sulphuric acid, especially for very hot and middle concentrated sulphuric acid.   
Some typical corrosion examples will be shown, too. An important kind of corrosion called erosion-corrosion is explained.  
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Sulphuric acid is one of the strongest acids at all. The corrosion attack on metal materials rises with increasing 
concentration significantly. Alloying elements as e.g. Chromium, Nickel and Molybdenum will be able to lower the 
attack, but nevertheless, it is difficult to find materials which can resistance over all concentration range and 
temperature of sulphuric acid. But this acid has not only an acidic property. Additionally it shows at high concentration 
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a strong oxidizing character, determine the behavior of the acid. This enables some metal alloy´s to protect themselves. 
But for plastic materials this oxidizing properties is highly corrosive.  
Here is an overview given over some metal alloys and plastic materials in the application pumping sulphuric acid 
with vertical and horizontal centrifugal pumps. This overview grounds on a broad experience of manufacturing pumps 
for this application for more than 30 years. The both main corrosion mechanism of metal alloys are described. Some 
examples of corrosion of plastics in sulphuric acid are given, too.  
2. Corrosion of metal alloys in sulphuric acid 
The attack of the acid is a electrochemical process. Especially the impact of sulphuric acid is very strong and could 
attack a lot of metals and metal alloy´s. Stainless steels show depended on the grade of alloying content a resistance 
against high concentrated sulphuric acid and low concentrated acid. But most stainless steels have a range between 50 
and 80 % of H2SO4, where a uniform corrosion attacks these metals heavy. [1, 2, 3]  
This uniform corrosion removes the surface of the alloy, which is in contact with the acid. The corrosion loses 
depends on the corrosion resistance of the alloy and on the temperature and concentration of the acids. Impurities are 
able to support this corrosion or may protect the metal materials against corrosion. For a pure sulphuric acid, without 
impurities, the corrosion rate is calculable. Typical value is 0,1 mm/y of corrosion loses for resistant material. Values 
above 0,5 mm/y will be critically for the lifetime of the parts, depending on the wall thickness and the pressure on this 
part.[4] 
The only iron based alloy, which can be used over a range of 0 – 99 wt % H2SO4, is a high silicon-chromium cast 
iron. This material has about 15 % of Silicon and 5 % of Chromium in the alloy. The experience of Rheinhuette pump 
manufacture showed, that this material has a fully resistance up to 250 °C in the above mention range.  
2.1. Erosion corrosion 
Especially in high concentrated sulphuric acid a further typical corrosion mechanism can be found. This kind of 
corrosion depends directly on the flow rate of the fluid. Higher speed higher deeper corrosion rate. In centrifugal 
pumps the fluid is accelerate significantly. This corrosion is typically found in pumps with high rotation speed or in 
pumps with large impeller diameters. The high peripheral speed in the pumps leads at certain areas, e.g. small surface 
failures, to strong turbulences. At these turbulences erosion starts to remove the passive layer from the metal surface. 
If this removal is faster than the re-passivation of the stainless steel, then this part is destroyed by erosion-corrosion 
fast. 
Erosion-corrosion is only found in areas with high fluid speed. So it is limited in some areas of a part, and not all 
over the whole part. This is good visible in figure 1, where only the outer diameter of this impeller is attacked by 
erosion-corrosion, but the inner diameter, with lower speed, has no change in the surface structure. 
The highest possible velocity depends on the resistance of the certain material. If a surface is more resistance 
against erosion, then it shows a high resistance against erosion-corrosion in sulfuric acid, too. This means for metal 
alloys, that a high hardness of the alloy is a protection against erosion corrosion, too. Our experience in pumps is, that 
for a rotation speed of 1450 rpm a SS 316 steel is fine, but at high rotation speed of 2900 rpm a special high chromium 
steel with 300 HB hardness has a significant lower corrosion, then a SS 316 steel exhibits.  Additionally the duty point 
of the pump has a strong influence on the velocity, when erosion-corrosion begins. 
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3. Metal alloys for pumps in Sulphuric acid 
Sulphuric acid is not only an acid which is able to decompose iron metal. It has additional the property to be 
oxidizing, but only at a concentration above 80 % H2SO4. With higher concentration this oxidizing character increases 
significantly. This means for stainless steel alloys, that at concentration of 98% a lot of stainless steel alloys will be 
resistant. 
Table 1: Metals and their usable temperature limits in different sulphuric acid media.  
(Bp = Boiling point; n. r. = not recommended). 
% Sulphuric acid SS316 
1.4408 
Siguss 1* 1.4136S* SXTM 2 RH-RS* 1.4517 3* R30204* 
96 – 99 50 - 80 Bp 110-130°C 120 -140 °C 130-230 °C 110 °C 75°C 
90 – 95 n. r. Bp 60 °C 70  °C 60 °C 90°C 70°C 
0 – 90  n. r. Bp n. r. n. r.  n. r. n. r. 50 °C 
* Special materials of Rheinhütte Company 
1 High silicon alloy material, similar ASTM 518; see text 
2 Material from the Sandvik Company, Göteborg, Sweden; Edmeston, Technical Brochure on SX. 
3 Material in duplex quality, similar to CD4MCuN, 1.4507 or SAF 2507, high quality alloy 
4 Austenitic material with 25 % Chromium and 30 % Nickel, similar to Alloy 20 
TM SX is the trade name of the Edmeston / Sandvik Company in Göteborg, Sweden 
Typical used is the stainless steel SS316 (DIN 1.4408), which is resistant in 98% H2SO4 up to 80°C and low rotation 
speed. If high rotation speed and / or lower concentration or higher temperature is needed the Rheinhuette special 
material 1.4136S showed a very good resistance. This ferritic material is similar to DIN material 1.4136 with 29 % 
chromium and 2 % Molybdenum in the alloy. This material can be used for 90% H2SO4 at 45 °C as well as for 98% 
 
 
 
 
Fig.1: Impeller of a pump with erosion-corrosion at the outer 
diameter. Material is a stainless steel with high nickel content, 
similar to alloy 20. 
Fig. 2: Detailed view on in the impeller of figure 1. 
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H2SO4 at more than 130 °C. Additionally this ferritic material shows a very good resistance against erosion-corrosion. 
So in pumps with high rotation speed this material is not suffering corrosion damages. Furthermore this material shows 
a good resistance in Oleum. In figure 4 a vertical pump made in 1.4136S – a ferritic alloy – is shown. 
Siguss is a high silicon alloyed iron base material. This material has good resistance in 0 – 99 % sulphuric acid up 
to the boiling point (maximum Temperature 250 °C). The material is described in the ASTM 518. This material is 
alloyed with 5% Chromium for Rheinhuette pumps. Because of the high silicon content this material is very brittle. 
Hence horizontal pumps are armored. Vertical pumps cannot be manufactured in this material due to the material 
properties. Additionally the material is not weld able. Company Rheinhuette manufacture standard centrifugal pumps 
and circulation pumps in this special material since much more than 30 years. In figure 3 a picture of Siguss pumps is 
shown. 
   The high resistance of material Siguss is only minor influenced by some impurities of chlorides or chlorine gas, 
dependent on the amount of these impurities. One very critical impurity is fluoride, which could damage this material 
in traces of less than 20 ppm. In Oleum, a sulphuric acid with high content of SO3-gas, this kind of silicon cast iron is 
fully not resistant. Siguss is a very hard material which shows good resistance against erosion-corrosion.  
 
  
Figure 3: Three horizontal sulphuric acid pumps made of Siguss, 
externally armoured (Type RNSi). These pumps pump hot dilute acid.  
Figure 4: Vertical submersible pump for sulphuric acid - Type 
GVRN 450 / 500 for 2300 m³/h, made of 1.4136S material. 
 In some sulphuric acid plants the main material for construction is Sandvik SX. This material can be used for 
pump manufacturing, too. This material has very good properties for the high concentrated sulphuric acid. It is resistant 
for 80% H2SO4 at 30 °C, for 90 % at 70°C as well as for 99 % H2SO4 at 140°C. This austenitic alloy SX has 4% of 
silicon in the stainless steel alloy, which supports the resistance in sulfuric acid significantly. Rheinhuette pumps is 
able to cast parts in SX, too.  
  Duplex materials demonstrate a wide resistance in sulphuric acid. The microstructure of these materials is mixture 
of austenitc and ferritic areas. It has a good resistance in low concentrated sulphuric acid as well as in high concentrated 
acid. Only in the middle concentrated acid, this material shows higher corrosion losses. Typical material are the 
1.4517, CD4MCu or 1.4507, called Ferralium.  
Nickel based materials shows a high resistance in low and middle concentrated sulphuric acid. Only in the oxidizing 
area of the high concentrated acid, these materials are not recommended or only for low temperatures. Especially at 
high temperature nickel-based alloys are often affected by erosion-corrosion.  
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4. Plastic materials in sulphuric acid 
In general plastic materials are recommended for low concentrated sulphuric acid. In figure 5 a corrosion diagram 
shows the typical areas for some plastic materials, used in pump manufacturing. Especially in the oxidizing area at 
high concentrations most plastic will be destroyed fast. Only PTFE and PFA show a very good resistance.  
 
 Figure 5: Isocorrosion diagram of some plastic materials in sulphuric acid. The areas below the lines are suitable for these materials. 
 
Plastic pumps are mostly used in side processes, where only a low concentrated of sulphuric acid is used. Therefore 
pump in Polypropylene (PP) and Polytheylene (PE) is very useful. PP can be used from 0 – 50% H2SO4.  
Here Polyethylene is an ultrahigh molecular weight PE called UHMW-PE. This can be used nearly up to 97% 
H2SO4, but only for lower temperature. The advantage of UHMW-PE is the high resistance against abrasion, beside 
the elevated resistance in high concentrated acid.  So the material could withstand solid particles in the pumped liquid.  
PVDF – poly-vinyliden-fluoride is a partial fluorinated plastic, with good corrosion resistance up to high 
concentration. But as most plastic materials, PVDF is limited to low temperatures at high concentration of sulphuric 
acid. 
Teflon or PTFE has a the highest corrosion resistance in sulphuric acid of all plastics. The temperature limit for the 
resistance of PTFE, which is shown in the diagram in figure 5 is only 180°C. This is only for pumps a constructional 
limit, because PTFE is at 180 °C too soft to have enough mechanical stability for pump parts. So there must be a 
temperature limit. PTFE may be used to higher temperatures for sealing’s and in not mechanical stressed parts.  
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Figure 6: Conctructial design of a plasticpump. All grey parts are in metal. The brown parts and the black impeller are made in plastic. 
Conclusion 
There is only one metal alloy which exhibits a good resistance in sulphuric acid of all concentrations up to boiling 
temperatures, besides some expensive noble and refractory metals. This is silicon cast iron, called Siguss. All other 
metal alloys have problems especially with concentration between 50 – 80 % H2SO4 at more than 60 °C.  
Additionally some resistant material may show corrosion damages by high concentration sulphuric acid although 
they should be resistant in this area. This may happen because of turbulences or high fluid velocities, which causes 
erosion-corrosion. This is a typical problem especially in pumps, if 316 stainless steel is used. So a static corrosion 
test is not enough information for a good material selection.  
This means for a recommendation of construction materials the concentration area of the sulphuric acid and the 
maximum temperatures must be well defined. Furthermore a high material knowledge is needed, to prevent corrosion 
trouble. 
Most plastic material are only helpful at lower temperature in a concentration area of 0 – 90 % H2SO4. Only PTFE 
/ PFA may be useful of the whole concentration and up to 150 °C. 
A good material recommendation is needed for sulphuric acid applications. Only corrosion experts or highly 
experienced suppliers will be able to give such good material recommendation. 
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